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This  report  deals  with  the  19$2  commercial  storape  experiments  with  Valencia 
oranges  from  Central  Florida  stored  at  Newark,  New  Jersey,  and  Providence,  Rhode 
Island,    The  tests  were  a  part  of  the  investi ration  on  the  storape  of  citrus 
fruits  conducted  by  the  Bureau  of  Plant  Industry,  Soils,  and  Agricultural 
Enpineering,  and  the  Refrigeration  Research  Foundation. 
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INTRODUCTION 


In  recent  years  the  fiberboard  carton  of  half-box  size  (U/5  bushel)  has  come 
into  use  as  a  citrus  container.     In  California  this  type  of  container  has  already 
come  into  common  use  for  lemons,  and  in  Florida  about  3  percent  of  the  total 
orange  shipments  are  now  made  in  these  containers. 

Since  each  year  a  portion  of  the  orange  crop  is  placed  in  cold  storage 
for  later  marketing  it  seemed  desirable  to  study  the  performance  of  the  carton 
during  transit  and  as  a  storage  container.     In  U  of  the  5  cars  of  Valencia  oranges 
reported  on  herein  direct  comparison  between  fiberboard  cartons  and  Bruce  boxes  is 
afforded. 

Diphenyl,  which  has  been  used  for  some  years  impregnated  in  the  paper  of  box 
liners  for  the  control  of  decay  in  Florida  oranges,  has  also  been  used  in  treating 
the  inside  of  fiberboard  cartons.     The  odor  of  this  material  is  objectionable  and 
more  desirable  treatments  have  been  sought.     Recently  (see  H.  T.  &  S.  Office 
Report  No.  266,  1951)  tests  have  shown  that  Dowicide  A  plus  hexamine  is  very  success- 
ful as  a  dip  in  the  control  of  decay  on  oranges,  especially  when  the  fruit  had  been 
previously  washed  in  a  Borax  solution  and/or  packed  in  a  container  (or  liner) 
treated  with  diphenyl.     Further  information  was  desired  on  the  value  of  the  new  dip 
without  a  diphenyl  supplement,  especially  for  the  purpose  of  eliminating  the  liner 
in  Bruce  boxes.     The  fifth  car  in  this  report  affords  comparison  between  oranges 
treated  with  Dowicide  A-hexamine  packed  in  Bruce  boxes,  with  and  without  diphenyl 
treated  paper  liners. 

SUMMARY 

The  average  transit  temperatures  in  five  test  carloads  of  Florida  Valencia 
oranges  treated  with  Dowicide  A-hexamine  and  packed  in  diphenyl  treated  half-box 
size  fiberboard  cartons  and  diphenyl  treated  paper  lined  and  unlined  Bruce  boxes 
did  not  drop  below  50°  F.  between  Florida  and  storage  plants  at  Newark,  N.  J.  and 
Providence,  R.   I. ,  yet  decay  was  well  controlled  during  the  following  sixteen  weeks 
in  storage.     In  general,  however,  the  fruit  temperatures  in  containers  at  the 
floors  and  walls  were  somewhat  colder,  but  these  of  course  constitute  a  small 
proportion  of  each  load. 

Oranges  in  half-box  size  diphenyl  treated  fiberboard  cartons  shipped  to 
Providence  averaged  slightly  higher  transit  temperatures  and  developed  slightly 
more  skin  breakdown  in  storage  than  similar  fruit  packed  in  diphenyl  treated 
paper  lined  Bruce  boxes  in  the  same  cars.     Oranges  in  unlined  Bruce  boxes  shipped 
to  Newark  kept  lower  transit  temperatures  but  developed  much  more  skin  breakdown 
in  storage  than  similar  fruit  packed  in  diphenyl  treated  paper  lined  Bruce  boxes 
in  the  same  car. 

The  half-box  size  fiberboard  carton  used  as  a  transit  container  for  Florida 
oranges  proved  to  be  a  good  storage  container  when  stored  five  high  at 
Providence,  R.  I.,  but  was  not  a  success  in  storage  at  Newark,  N.  J.  where  it 
was  stored  eleven  high.    At  the  latter  storage  plant  the  cartons  in  the  lower 
layers  bulged,  some  needing  repair  at  the  market  terminal,  and  the  fruit 
developed  severe  skin  breakdown. 
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Flavor  tests  of  juice  extracted  at  various  inspections  showed  no  correla- 
tion of  flavor  with  any  other  factor.    The  juice  was  pood  in  most  tests  and  fairly 
pood  even  when  the  oranges  had  been  held  for  one  week  at  70°  F.  after  removal  from 
16  weeks  of  storage. 

The  fruit  from  four  of  the  five  cars  stored  11  to  1$  weeks  sold  between  July 
30  and  August  26  at  a  profit  for  storing.    The  solid  car  of  oranges  in  fiber board 
cartons  stacked  11  high  in  storage  sold  at  a  loss  and  considerably  below  the  day's 
market  price  because  of  excessive  skin  breakdown  and  some  damaged  containers. 


MATERIALS  AMD  METHODS 

The  fruit  of  the  five  cars  was  stored  during  the  month  of  May,  1952 ,  and 
sold  from  July  30  to  August  26,  after  11  to  15  weete    of  storage.    The  oranges  in 
cars  1  and  5  were  grown  in  one  grove  on  sour  orange  roots tock;  the  oranges  of 
cars  2,  3>  and  h  were  grown  in  another  grove  on  grapefruit  rootstock.  Both 
groves  were  located  in  Central  Florida  and  all  fruit  were  of  the  Valencia  variety, 
U.  S.  No.  1  grade. 

The  fruit  in  all  five  cars  were  dipped  two  to  three  minutes  in  a  solution  of 
2  percent  Dowicide  A,  1  percent  hexamine,  and  0.05  percent  Ravndal  liquid  soap. 
They  were  then  waxed  with  "Flavorseal,"  polished,  traded  and  packed  naked.  All 
five  cars  were  thus  treated,  packed  and  loaded  at  the  same  packinghouse. 

The  containers  used  in  these  tests  were  studied  from  a  storage  standpoint  by 
their  effect  on  transit  temperatures,  storage  decay,  storage  skin  breakdown,  flavor, 
profit  and  loss  in  storing,  and  on  the  value  of  the  carton  as  a  storage  container, 
primarily  from  the  standpoint  of  handling  and  stacking.    The  cartons  were  diphenyl 
treated  and  not  ventilated,  covers  stapled  shut,  and  all  were  half-box  size  (h/5 
bushel)  with  inside  dimensions  of  19  l/U  x  12  l/k  x  8  inches  deep.    The  Bruce 
boxes  were  standard  1  3/5  bushel  size,  and  lined  with  diphenyl  treated  paper 
except  as  noted  in  car  5. 

Cars  1  and  2  contained  cartons  in  one  end  and  lined  Bruce  boxes  in  the 
other  end  (one-half  carload  of  each)  and  were  s  tored  at  Providence.    Car  3  con- 
sisted of  a  solid  load  of  cartons;  car  li,  lined  Bruce  boxes;  and  car  5  mixed 
(lined  and  unlined)  Bruce  boxes.    These  were  stored  at  Newark.    The  lined  and 
unlined  Bruce  boxes  in  car  5  were  loaded  in  separate  ends  of  the  car.    In  the 
three  cars  containing  cartons,  all  of  the  cartons  were  stacked  7  high,  6  wide, 
chimney  style,  three  chimneys  across  the  car.    In  the  four  cars  containing  Bruce 
boxes  all  boxes  were  stored  in  the  usual  manner,  lengthwise,  7  wide,  5  high, 
layers  offset  crosswise  of  the  car  except  in  cars  1  and  2  where  the  boxes  in 
the  doorway  were  s  tacked  crosswise  of  the  car. 

Three  to  six  self-recording  Hyan  thermometers  were  placed  in  packages  at 
various  positions  in  each  load,  as  shown  in  Table  3« 

All  cars  were  initially  iced  at  Sanford,  Florida,  and  the  bunkers  w ere  full 
at  the  time  of  loading.    All  were  fan  cars,  with  the  fans  sealed  in  the  "on" 
position  during  transit.    Cars  1  and  5  were  shipped  with  instructions  to  "re-ice 
at  Potomac  Yards;"  cars  2,  3  and  h  were  shipped  under  standard  refrigeration. 
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Inspections  were  made  of  the  fruit;  and  fr-u.it  temperatures  were  taken  manually 
in  various  parts  of  the  loads  at  the  time  of  unloading  into  storage.    Twelve  test 
packages  from  each  of  the  five  cars  were  set  aside  in  the  storage  room  to  be  re- 
moved and  inspected  at  the  New  York  laboratory  after  12  and  16  weeks  of  storage. 
In  addition,  six  test  packages  were  set  aside  from  each  of  the  two  Providence  cars 
for  similar  inspections  after  8  weeks  of  storage.    No  additional  packages  were  set 
aside  at  Newark  as  the  8  weeks  of  storage  inspections  there  were  to  be  made  in  the 
storage  room.    The  test  packages  from  the  three  mixed  cars  1,  2,  and  5  were  sizes 
150,  176,  and    200,  whereas  in  the  solid  carloads  (cars  3  and  h)  sizes  126,  150, 
176,  200,  216,  and  250  were  used. 

All  carlots  were  handled  in  the  usual  commercial  manner,  except  that  at 
Providence  the  Bruce  Boxes  were  stored  3  hiph,  and  the  cartons  5  high  on  pallets, 
1  pallet  deep  on  the  floor.    At  Newark  the  pallets  were  2  deep,  the  lower  holding 
1*  layers  of  "boxes  or  7  layers  of  cartons,  the  upper  holding  3  layers  of  boxes  or 
1*  layers  of  cartons,  respectively. 

The  temperature  of  the  storage  room  at  Providence  ranged  from  2°  to  33°  F. , 
with  an  average  of  31.2°;  the  relative  humidity  ranged  from  85  to  88  percent, 
averaging  86.6  percent.    At  Newark  the  temperature  ranged  from  30.5  to  38°  F. , 
averaginp  32.8°,  while  the  relative  humidity  ranged  from  86  to  90  percent,  averag- 
ing 88.1. 

Test  packages  set  aside  in  storage  at  the  time  of  unloading  were  removed  as 
scheduled  and  brought  to  the  New  York  laboratory  where  they  were  inspected  for 
commercially  important  skin  breakdown  and  decay.    They  were  then  placed  in  a 
storage  room  at  70°  F.  (Relative  Humidity  70-90  percent),  with  Inspections  made 
after  3  and  7  days  of  holding.    Decay  (but  not  skin  breakdown)  affected  oranges 
were  discarded  at  each  inspection.    Taste  tests  were  made  of  the  juice  at 
various  inspections. 

DISCUSSION  OF  RESULTS 

The  Effect  of  Containers  on  Transit  Temperature. 

The  following  fruit  temperatures  (Table  1)  were  obtained  with  hand  thermo- 
meters in  Car  1  at  unloadinp  and  are  characteristic  of  temperatures  of  fruit  in 
similar  containers  in  the  same  positions  in  other  test  cars  in  this  and  previous 
years.    This  car  contained  cartons  In  one  end  of  the  car  and  lined  Bruce  boxes 
in  the  other. 


Tabic  1. 

Comparative 

fruit 

temperatures  in  cartons 

and  lined  boxes  in 

Car  1  at  unloading  time. 

At  wall 

Centerline 

Layer 

Cartons 

Eoxes 

Cartons 

Boxes 

DO  0  MAY  AREA 

0  F. 

0  F. 

0  F. 

6  F. 

Top 

50.0 

1*3.5 

52.0 

1*8.0 

Middle 

51,5 

1*8.0 

57.0 

50.0 

Bottom 

1*6.5 

1*1*.  5 

15.0 

1*7.0 

QUART ERL EN  GT  H 

Top 

5i.o 

1*7.0 

51.0 

1*9.5 

Middle 

53.0 

1*7.0 

58.5 

52.5 

Bottom 

1*9.0 

1*2.0 

1*9.5 

1*1.5 

BUNKER 

Top 

5o.5 

1*7.5 

52.0 

1*8.0 

Middle 

5i.o 

1*5.5 

1*9.0 

1*8.0 

Bottom 

1*1. 0 

39.0 

1*3.0 

1*0.0 

Comparison  of  transit  and  unloading  temperatures  of  companion  cars  numbers 
3  and  li  containing  solid  loads  of  cartons  and  lined  boxes  respectively  is  not 
made  here  because  at  loading  time  the  average  fruit  temperature  in  the  cartons 
was  5  degrees  and  the  average  air  (Ryan  thermometer)  temperature  11.3  degrees 
lower  than  that  of  the  lined  boxes. 

The  following  fruit  temperatures  were  taken  during  the  unloading  of  car  5> 
which  contained  Bruce  boxes  only,  paper-lined  in  one  end  of  the  car,  and  unlined 
in  the  other  (Table  2). 

Table  2.    Comparative  fruit  temperatures  in  lined  and 
 unlined  Bruce  boxes  in  Car  5  at  unloading  time. 


At  wall  Centerline 


Layer 

Unlined 

Lined 

Unlined 

Lined 

DOORWAY  AREA 

6  F. 

4  F, 

0  F. 

Top 

51 

53 

53* 

56 

Middle 

U8 

51 

50 

55 

Bottom 

1x3 

hi 

1x2 

hi 

QUARTER!  EN  GT  H 

Top 

53 

55 

5U 

59 

Middle 

5o 

5U 

50 

61 

Bottom 

h2 

U6 

U3 

16 

Table  3  shows  the  average  fruit  temperatures  in  the  different  casntainers  dur- 
ing transit  of  all  five  test  cars.    These  three  tables  show  that  cartons  do  not 
cool  as  rapidly  as  do  lined  Bruce  boxes,  and  that  unlined  Bruce  boxes  cool  more 
rapidly  and  to  a  lower  degree  than  paper-lined  boxes.    The  middle  and  top  layer 
temperatures  did  not  go  below  50°  in  transit  in  any  instance  (Table  3) •  These 
temperatures  may  be  satisfactory  for  this  short  period  of  transit,  providing  the 
fruit  is  to  be  marketed  immediately  on  arrival  at  the  market,  but  when  the  cars 
are  to  be  held  at  the  terminal  yards  before  marketing  re-icing  may  be  necessary. 
When  the  fruit  is  to  be  placed  in  cold  storage  the  growth  of  disease  organisms 
might  be  initiated  at  the  higher  transit  temperatures  to  the  extent  that  decay 
might  develop  in  storage;  however  such  did  not  occur  in  these  tests.  Precooling 
at  the  shipping  point  is  aboiit  the  only  method  of  assuring  low  transit  temperatures 
throughout  the  load.    The  spread  between  the  top  and  bottom  temperatures  of  these 
fan  cars  was  much  less  than  is  ordinarily  found  in  non-fan  cars. 

The  Effect  of  Containers  on  Decay 

Total  decay  (Table  h)  was  so  well  controlled  in  the  test  packages  that  the 
results  are  of  little  importance  in  so  far  as  correlations  are  concerned.  Less 
than  1  percent  developed  in  any  carlot  after  8  or  12  weeks  of  storage  and  only 
one  car  showed  more  than  1  percent  after  16  weeks  of  storage.    This  was  car  2 
where  the  decay  was  less  than  2  percent.    During  the  holding  periods  the  average 
decay  found  at  removal  about  doubled  during  3  days  at  70°  F.  and  increased  nearly 
tenfold  after  1  week.    Decay  was  somewhat  equally  divided  between  blue  mold  and 
stem  end  rot,  with  Alternaria  rot  developing  at  the  buttons  after  long  storage, 
especially  during  the  holding  period.    Although  more  decay  generally  developed  in 
cartons  than  in  lined  boxes,  the  difference  was  not  significant.    In  most  instances 
fruit  in  unlined  boxes  developed  more  decay  than  fruit  in  lined  boxes.    In  the 
unlined  boxes  of  fruit  decay  followed  the  heavy  skin  breakdown. 
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The  Effect  of  Containers  on  Skin  Breakdown 


Only  commercially  important  skin  breakdown  consisting  of  severe  aping  and 
moderate  to  severe  pitting  was  scored.    This  usually  increased  rather  uniformly 
and  to  large  proportions  in  most  of  the  tests  (see  Table  £),    The  results  are 
not  explanatory,  as  the  breakdown  is  not  correlated  with  any  other  factor  or 
factors*    Storage  conditions  did  not  seem  to  cause  the  breakdown..    Two  of  the  four 
lots  at  Newark  had  the  least,  while  the  other  two  lots  had  the  most  skin  break- 
down of  the  five  cars.    Nor  did  the  grove  or  rootstock  affect  the  amount  of 
breakdown.     The  fruit  of  both  groves  stored  at  Newark  produced  maximum  and  mini- 
mum percentages  of  aging  and  pitting.    There  seems  to  be  no  explanation  why  the 
fruit  in  lined  Bruce  boxes  in  cars  1  and       picked  and  packed  the  same  day  from 
the  same  grove,  developed  almost  no  pitting  at  Newark  but  rather  heavy  pitting  at 
Providence,     The  transit  temperatures  of  the  two  cars  differed  but  little,  The 
solid  car  of  cartons  (car  3)  held  the  lowest  average  transit  temperatures  of  all 
cars  but  developed  the  most  skin  breakdown  in  storage.    Cartons  produced  more 
skin  breakdown  than  lined  Bruce  boxes  in  nearly  all  comparisons  (cars  1  to  h) » 
In  car  5  unlined  Bruce  boxes  had  much  more  skin  breakdown  than  lined  Bruce  boxes. 
Pitting  and  aging  usually  averaged  about  the  same,     Both  conditions  were  heaviest 
on  the  smaller  sized  oranges j  which  in  turn  brought  lower  prices. 

The  Effect  of  Containers  on  Flavor 

Flavor  tests  made  of  the  juice  of  oranges  from  the  various  types  of  con- 
tainers at  each  removal  and  after  holding  for  3  and  7  days  showed  no  serious 
off  flavors  at  any  time.    The  flavor  became  slightly  aged  during  the  holding 
period  after  16  weeks  of  storage.     There  was  no  correlation  of  flavor  with  the 
different  types  of  containers,  groves,  or  rootstocks. 

The  Effect  of  Containers  on  Profit  and  Loss  from  Storage 

The  cost  of  two  carton  containers  of  half -box  size  is  approximately  the  same 
as  the  cost  of  a  Bruce  box. 

The  cost  of  handling  and  storing  a.  box  of  oranges  is  approximately  3^4  the 
first  month  plus  V?£  each  additional  month,  and  for  half -boxes  21  e7  the  first  month, 
plus  9^  each  additional  month,    There  is  no  additional  freight  charge. 

Car  1  -  stored  May  8  at  Providence,  on  which  date  9*585  Bruce  boxes  averaged 
$3«27  at  New  York,    During  the  same  week  92  cars  averaged  $3.30  at  New  York,  and 
6  cars  averaged  $3.56  at  Boston,    This  car  was  sold  at  Providence  August  23,  after 
15  weeks  of  storage,  the  diphenyl  treated  paper-lined  Bruce  boxes  averaging  $6, h0 
and  the  diphenyl  treated  half -box  size  fiberboard  cartons  !$3. 22 (equivalent  to 
$6*hh  per  box),     This  is  a  profit  for  storing  of  more  than  two  dollars  per  box  or 
two  cartons. 

Car  2  -  stored  May  26  at  Providence,  on  which  date  18,825  Bruce  boxes 
averaged  $lu31  in  New  York*    During  the  same  week  101  cars  averaged  $U,10  in  New 
York,  and  3  cars  averaged  $lu0h  in  Boston,    The  car  sold  at  Boston  August  26 
after  nearly  13  weeks  of  storage,  the  diphenyl  treated  paper -lined  Bruce  boxes 
averaging  $5*35  and  the  diphenyl  treated  fiberboard  cartons  $2«U9  (equivalent 
to  t-U.  98  per  box).    The  average  profit  for  storing  was  about  66^  per  Bruce  box 
and  l6j^  for  two  cartons : 
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Car  3  -  stored  May  19  at  Newark,  on  which  date  12,°lf?  Bruce  boxes  averaged 
$lu01  in  New  York  City.    During  the  same  week  78  cars  sold,  averaging  $1|,22.  This 
car,  containing  diphenyl  treated  cartons  only,  sold  August  6  at  auction  in  New 
York  City  after'  11  weeks  of  storage  at  an  average  of  $1.79  per  carton  (equivalent 
to  f>3»5>8  per  box).     It  was  the  only  car  of  cartons  sold  that  day.     On  the  same 
market  6,995  Bruce  boxes  averaged  &5.11.     The  loss  in  storing  this  car  was  about 
60^  per  carton  (equivalent  to  vl.20  per  box). 

Car  h  -  stored  Kay  19  at  Newark  -  as  was  car  3.    It  contained  diphenyl  treated 
paper-lined  Bruce  boxes  only,  selling  August  18,  after  13  weeks  of  storage,  at 
an  average  of  $5.02  per  box  on  the  New  York  market.    On  the  same  day  8,610  Bruce 
boxes  averaged. J£, hh*    The  profit  for  storing  this  car  was  36^  per  box. 

Car  $  -  stored  May  7  at  Newark,  on  which  date  8,780  Bruce  boxes  averaged 
$3 • 32  on  the  New  York  auction  market.    During  the  same  week  92  cars  on  the  same 
market  averaged  $3.30.     The  car  sold  July  30  after  12  weeks  of  storage  at  an 
average  of  0U.77  per  box.     The  c ar  contained  Bruce  boxes  only,  diphenyl  t reated 
paper-lined  boxes  averaging  as  against  $U.60  for  unlined  boxes.  The 

average  profit  for  storing  this  car  was  80^  per  box  (97^  for  lined  a^d  6}^  for 
unlined) „ 

The  Effect  of  Storarc  on  Fiberboard  Cartons  (half -box  size) . 

The  two  extra  handlings  required  in  storing  and  removing  from  storage  plus 
11  weeks  of  storage,  stacked  11  high,  apparently  were  the  main  causes  of  repair 
being  necessary  to  some  cartons  at  the  auction  market  of  Car  J>.    Moisture  conden- 
sation inside  and  outside  of  the  carton  after  removal  from  storage  helped  weaken 
the  containers.     The  lower  layers  of  this  lot  showed  bulging  shortly  after  enter- 
ing storage.    Although  the  damage  at  the  market  was  not  too  serious  it  might  have 
had  some  effect  on  the  low  price.    Skin  breakdown,  particularly  aging,  no  doubt 
had  the  major  effect,  especially  on  the  small  sizes.    Stacking  of  cartons  in 
storage  has  already  become  a  problem  to  storage  houses,  a  factor  that  will  prob- 
ably be  solved  by  double  or  triple  decked  pallets.    Carton  construction  should 
be  such  that  the  container  would  not  be  weakened  by  high  humidity  in  storage,  or 
by  condensation  after  it  is  removed  from  storage. 

The  cartons  stored  at  Providence  stood  up  well  in  storage  but  were  not 
inspected  on  the  market.    The  difference  in  price  of  the  cartons  and  crates  on 
the  market  was  correlated  with  the  difference  in  the  amount  of  skin  breakdown 
of  the  test  packages. 
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